The kangaroo rat Dipodomys merriami occurs widely over the Baja California peninsula, inhabiting all the arid and sandy lowlands. Its range encompasses diverse climatic, edaphic, and vegetation zones, including 2 islands. The 11 taxa recognized in the merriami complex in this region almost 50 years ago remain valid to the present. The 2 island forms originally were described as different species, and have been treated in different ways by subsequent authors. In this investigation we used a genetic analysis of 2 mitochondrial genes, cytochrome b (Cytb) and cytochrome c oxidase subunit III (COIII), to study patterns of genetic structuring in this species throughout the peninsula. We supplemented existing morphometric and pelage color data with new data, and integrated these data sets into a phylogenetic analysis. Finally, we explored how our results compared with the existing taxonomic arrangement of species and subspecies. Our phylogenetic analyses of molecular data used the concatenation of 1,140 base pairs (bp) of the Cytb gene and 690 bp of the COIII gene; cladograms were generated using maximum-parsimony, maximum-likelihood, and Bayesian inference procedures. A hierarchy of nested clades was produced, the highest level of which revealed 2 reciprocally monophyletic clades separated by 20 mutational steps. There is a Southern Clade extending north to the Vizcaíno Desert in the west and San José Island in the east, and a Northern Clade that includes all the populations farther to the north. At a shallower level, the Southern Clade contains 4 subclades, including the populations of San José and Margarita islands, whereas the Northern Clade is composed of 3 subclades. Adding the morphometric and pelage coloration data sets to the analyses resulted in support for the 11 previously recognized taxa arranged in a single species, Dipodomys merriami, but with improved understanding of how the subspecies relate to each other. As is increasingly appreciated, our investigation supports a comprehensive approach involving multiple data sets that are sensitive to a wide temporal range of evolutionary history for phylogenetic reconstruction.
As part of a continuing program of research on the phylogenetic relationships and evolutionary history of mammals occurring in the partially isolated and physiographically complex Baja California peninsula, we investigated the taxonomic status of the Dipodomys merriami complex of kangaroo rats inhabiting this region. We employed modern molecular and phylogenetic techniques to evaluate this complex of taxa that exhibits various levels of differentiation and includes populations of conservation concern. In spite of the potential importance of these multiple objectives, the D. merriami complex has not been comprehensively analyzed for 50 years (Lidicker 1960) . To do this we used mitochondrial DNA (mtDNA; cytochrome b [Cytb] and cytochrome c oxidase subunit III [COIII] ) genes as neutral markers to attempt to resolve the phylogenetic relationships within the complex. Morphometric features and pelage coloration were used to study the pattern of geographic differentiation that is likely related to selective pressures for adaptation to varying degrees of aridity as expressed by precipitation, soil type and color, and vegetation structure. Overall, our goal was to recognize phylogenetically significant units based on the extent to which they show independent evolutionary trajectories (Lidicker 1960 (Lidicker , 1962 and to estimate the relative timing of those events. To identify such units, we searched for evidence of reduced gene flow between presumptive evolutionary units coupled with phenotypic coherence within them.
Our results should lead to an improved understanding of the factors that have generated the phylogenetic history of this group of kangaroo rats.
Currently, the D. merriami complex is considered to include 3 species in Baja California, D. merriami on the mainland and 2 island forms, D. insularis and D. margaritae (Alexander and Riddle 2005; Espinoza-Gayosso and Á lvarez-Castañeda 2006) . D. merriami on the mainland is arranged into 9 subspecies within the peninsula (Lidicker 1960) . D. insularis occurs only on Isla San José off the east coast (Sea of Cortez), and D. margaritae is restricted to Isla Margarita off the west coast (Merriam 1907) . The development of novel molecular genetics techniques and tools for data analysis and phylogenetic reconstruction provide the methodologies for investigating the systematics of this group of kangaroo rats (Patton and Á lvarez-Castañeda 1999) . Previous investigations into the merriami complex in Baja California have suggested that a major genetic break occurs across the middle of the peninsula with likely taxonomic implications (Alexander and Riddle 2005; Riddle et al. 2000) .
The 2 island populations have been particularly controversial as to their taxonomic status. Interest has been generated because of conservation concerns, as well as the general attraction of islands as windows into evolutionary processes. Originally, Merriam (1907) described these 2 island forms as full species. In a revision of the entire D. merriami species complex, however, Lidicker (1960) concluded that, on morphological grounds, D. margaritae should be considered a subspecies of merriami. D. insularis, in contrast, was morphologically quite distinct and had features suggesting that it was the least specialized for arid conditions (that is, most primitive in this respect) of any extant population over the entire range of the species complex. Later, Best and Janecek (1992) published a statistical analysis of somatic and craniodental measurements demonstrating that the 2 island forms were significantly different from mainland populations, and also differed in bacular features. However, they found few differences in allozyme characters, and concluded that overall subspecific status was appropriate. Two subsequent reviews of this situation (Patton and Á lvarez-Castañeda 1999; Williams et al. 1993 ) maintained this subspecies arrangement. Others have returned to the original species status for these island endemics (Best 1992; Best and Thomas 1991; Hall 1981) . Finally, a study of the entire family Heteromyidae using mtDNA sequence data (Alexander and Riddle 2005) showed that populations from the islands of San José and Margarita are in the same clade as adjacent mainland populations with very low divergences. Nevertheless, they maintained the species-level designation for the 2 island taxa. Patton (2005) treat them at the subspecific level.
MATERIALS AND METHODS
Sample collection.-A total of 510 museum specimens from throughout the Baja California peninsula was used in the morphological analyses (see Appendix I for allocation of specimens to databases). This series includes a large number of specimens reported in Lidicker (1960) for which original measurements were incorporated. Specimens were grouped into 18 physiographic regions based on the arrangements of Cuanalo et al. (1989; see Fig. 1) . All of the new material is deposited in the Centro de Investigaciones Biológicas del Noroeste. Specimens were captured and handled following protocols approved by the Animal Care and Use Committee of the American Society of Mammalogists (Gannon et al. 2007) .
For the genetic analyses we used 2 different genes, Cytb and COIII. A total of 126 specimens were sequenced, and they were from localities across the range of the species in Baja California. All 18 physiographic regions were represented, including the 2 island forms, except for physiographic regions 5 (San Quintín) and 6 (Santa Catarina) , from which tissue samples were not available.
Laboratory procedures.-Genomic DNA was extracted in the laboratory from liver tissues originally preserved in 95% ethanol using the DNeasy Kit (QIAGEN, Inc., Valencia, California). Initially, a fragment of the Cytb gene (,800 base pairs [bp] ) was amplified for all 126 samples using the primer pairs MVZ05 (CGA AGC TTG ATA TGA AAA ACC ATC  GTT)/MVZ16 (AAA TAG GAA RTA TCA YTC TGG TTT  RAT), or MVZ05/spermo 06 (TAT GGG TGA AAG GGR  AYT TTA TCT) . Later, a subset of 22 samples from representative localities was amplified for the complete Cytb gene (1,140 bp), using primers MVZ127 (TRY TAC CAT GAG GAC AAA TAT C)/MVZ 14 (GGT CTT CAT CTY HGG YTT ACA AGA) and MVZ45 (ACM ACH ATA GCM ACA GCA TTC GTA GG)/MVZ14. Additionally, a 690-bp fragment of the COIII gene was amplified for these 22 samples using primers L8618 (CAT GAT AAC ACA TAA TGA CCC ACC AA) and H9323 (ACT ACG TCT ACG AAA TGT CAG TAT CA -Riddle 1995) .
The following conditions for initial double-stranded amplifications were used: 12.5 ml of template (10 ng), 4.4 ml of double-distilled H 2 O, 2.5 ml of each primer pair (10 nM concentration), 0.474 ml (0.4 nM) of deoxynucleoside triphosphates, 0.5 ml (3 mM) of MgCl 2 , 0.125 ml of Taq polymerase (platinum, Invitrogen, Carlsbad, California), and 13 Taq buffer to a final volume of 25 ml. Amplification conditions consisted of 3 min initial denaturation at 94uC followed by 37 cycles of denaturation at 94uC for 45 s, 1 min annealing at 50uC, and 1 min extension at 72uC. Amplified products were purified using the QIAquick PCR Purification Kit (QIAGEN). The templates were cycle-sequenced with MVZ05/MVZ16, MVZ127/MVZ14, and MVZ45/MVZ14 for Cytb amplifications, and L8618/H9323 for COIII using Big Dye terminator chemistry (Applied Biosystems Inc., Foster City, California), and were run on an ABI 377 automated sequencer (Applied Biosystems Inc.) following manufacturer protocols. MVZ16, MVZ14, and H9323 were used to sequence the reverse strand in 10 individuals in order to check for accuracy. Representative haplotypes generated for this study have been deposited in GenBank (accession numbers EU660963-EU661071 and EU667412-EU667417).
Sequence alignment and haplotype determination.-Nucleotide sequences were aligned using Sequencher version 3.1 software (Gene Codes Corp., Ann Arbor, Michigan), checked by eye, and translated into amino acids for confirmation of alignment. Initially, we obtained sequences for a 500-bp fragment of Cytb for all 126 samples and TCS version 1.18 program (Clement et al. 2000) was used to identify 81 unique haplotypes. From these haplotypes, we selected samples that had 22 unique haplotypes that corresponded to representative specimens of the physiographical areas in which the species occurs. In order to increase the number of characters available for analysis, we sequenced the complete Cytb gene (1,140 bp) and a 690-bp fragment of the COIII gene for these 22 samples.
Two separate analyses were conducted. First, a nested clade phylogeographic analysis was performed based on the 500-bp fragment of Cytb from 126 specimens. Second, a phylogenetic analysis was performed. Initially we analyzed the sequence data for the 2 genes separately, and found a general concordance between them. They both revealed the major lineages identified by the nested clade analysis. We then concatenated the data for the 22 representative specimens (1,140 bp of Cytb and 690 bp of the COIII gene). Voucher specimens are deposited in the Centro de Investigaciones Biológicas del Noroeste (CIB). In order to estimate the haplotypic and nucleotide variation within the physiogeographical groups, we used Arlequin version 2.001 (Schneider et al. 2000) .
Nested clade phylogeographic analysis (NCPA).-A nested clade phylogeographic analysis using haplotypes derived from the 500-bp fragment of the Cytb and the ANeCA version 1.1 software (Panchal 2007 ) was undertaken to determine the relative contribution of historical versus contemporary evolutionary processes to the geographical patterns of mtDNA variation. This program automates the nesting algorithm, publishes inference keys, and links together the various components (Panchal 2007; Panchal and Beaumont 2007) . ANeCA uses the TCS version 1.18 program (Clement et al. 2000) to construct networks using the algorithm of Templeton et al. (1992) . For the nested design of haplotypes in clades, ANeCA follows Templeton et al. (1987) and Templeton and Sing (1993) to define an evolutionary clade hierarchy within the intraspecific haplotype network. It then uses the GeoDis r FIG. 1.-Map of the Baja California peninsula indicating the location of the 18 physiographic areas used for the analyses (Cuanalo et al. 1989) . The names of these provinces were modified to reflect geographical characteristics of each region or previous names used (Á lvarez-Castañeda et al. 1995 software to define the clades that showed both genotypic and geographic variation. In order to test for patterns of isolation by distance, the nested haplotype structures were correlated with respect to the geographic distance between sampling sites.
Under the ''island forms as separate species'' hypothesis and using only our molecular data, there should be no significant positive correlation between haplotype differences and geographical distances, because these samples would represent populations long-isolated from each other. By contrast, if the 2 populations are at the subspecific level of differentiation, the correlations would ordinarily be positive because nearby populations would be relatively little differentiated from the island forms by mitochondrial haplotype features. The nested clade analysis would then fail to reject the null hypothesis that increased haplotype differentiation was consistently correlated with geographic distance between the populations. However, taxonomic conclusions based on these important insights from nested clade analysis must be tempered by evidence for differentiation of potentially strongly selected morphological, behavioral, or other traits, especially where there is a demonstrable lack of gene flow between populations being compared, such as with islands. There are certainly many examples in the literature documenting species-level differentiation over relatively short time spans.
An analysis of molecular variance (AMOVA) among the nested clades was conducted using the 126 sequences derived from the shorter Cytb fragment (500 bp), and analyzed using the program Arlequin version 2.001 (Schneider et al. 2000) . Statistical significance (P , 0.05) was determined according to the TCS version 1.20 program (Clement et al. 2000) utilizing the algorithm of Templeton et al. (1992) . To avoid confusion in terminology between the nested clade and the phylogenetic analyses, we use the name ''nested clade'' for the results of the former and ''clades'' for the latter.
Phylogenetic analyses.-The General Time Reversible model with a fraction of invariable sites and gammadistributed among-site rate variation (GTR + I + G-Tavaré 1986) was shown to be the most appropriate model for this data set using the model comparison software MrModeltest version 2 (Nylander 2004) under the Akaike information criterion for the concatenated complete Cytb and COIII fragments. A Bayesian analysis was performed using MrBayes version 3.1.1 software (Ronquist and Huelsenbeck 2003) . Four separate runs were performed with Markov chain Monte Carlo simulations starting from a random tree. Each run was conducted with 5,000,000 generations and sampled at intervals of 1,000 generations. The first 5,000 samples of each run were discarded as burn-in and all the remaining sampled trees were analyzed to find the posterior probability of clades. A consensus tree was generated with the 50% majority-rule algorithm in PAUP* 4.0b10 (Swofford 2000) , and the percentage of samples recovered in a particular clade was assumed to be the posterior probability of that clade.
Genetic distances were calculated using the GTR + I + G model and the Kimura 2-parameter model. The latter is the most commonly used model for comparing levels of divergence among studies (Baker and Bradley 2006) . A neighbor-joining analysis was conducted in PAUP* 4.0b10 (Swofford 2000) . Support for nodes was assessed with bootstrap analyses, including a fast heuristic procedure with 1,000 pseudoreplicates. Sequences from Alexander and Riddle (2005) were downloaded from GenBank and were included in the analyses for Dipodomys insularis
, and D. phillipsii (Cytb 5 AY926376, COIII 5 AY926443). The outgroup specimens were chosen following Alexander and Riddle (2005) .
Maximum-parsimony and maximum-likelihood analyses were implemented in PAUP* 4.0b10 (Swofford 2000) . For maximum-parsimony analysis, all characters were equally weighted, and heuristic searches were performed with 1,000 random additions of sequences and a tree-bisection-reconnection algorithm was used for branch swapping. For all analyses that resulted in multiple most-parsimonious trees, consensus trees were constructed using the 50% majority rule. The GTR + I + G model was then used for maximum-likelihood searches consisting of 100 random replicates with treebisection-reconnection branch swapping. Bootstrap values !50% are reported for branch support.
Morphological analysis.-For the present study, we used the same characters that were measured by Lidicker (1960) in his earlier revision of D. merriami, except that we restricted our analysis to the Baja California peninsula. For some populations, however, the number of specimens that were measured had to be increased in order to improve the statistical analyses. Only adult specimens (n 5 510) were included in the analysis (Appendix I). Nine linear characters were measured from cleaned skulls using dial calipers (0.01-mm resolution). The characters measured were: basal length of skull (BLS), total cranial length (CL), nasal length (NL), maxillary breadth (MxB), least interorbital breadth (IB), greatest cranial breadth (CB), rostral width (RW), alveolar length of maxillary toothrow (ALMx), and the least width of supraoccipital (WS). See Lidicker (1960) for details. Adults were defined as having complete adult dentition with all teeth showing some wear, and the auditory bullae revealing some translucence. Most cranial and body measurements exhibited sexual dimorphism, with males being larger, but the differences were slight for most traits. For this reason and because specimen samples did not show any systematic sex ratio bias, sexes were combined for these analyses.
Geographic variation.-An analysis of variance (ANOVA) for each of the 9 craniodental measurements was performed (Statistica version 5.0, Starsoft, Inc., Tulsa, Oklahoma) among all the physiographical areas; geographical areas in close proximity were subsequently compared with Tukey's honestly significant difference using the unequal N (Spjotvoll/stoline) test. We also performed a discriminant function analysis to distinguish between specimens of adjacent physiographical regions using all of the craniodental characters.
To search for possible geographic variation in the relationships among cranial morphology, we used principal component analyses that included all cranial measurements (Statistica version 5.0). Collecting localities were grouped according to the 18 physiographic regions following Cuanalo et al. (1989) , and were plotted on the first 3 principal components (PCs). Residuals obtained from the regression of each original craniodental variable on PC-I and PC-II scores were used to conduct ANOVAs and a posteriori Tukey's honestly significant difference utilizing the unequal N (Spjotvoll/stoline) test to evaluate size and shape differences between groups of collecting localities.
Pelage color analysis.-Pelage color of 373 adult specimens was determined employing an X-Rite Digital Swatchbook spectrophotometer (X-Rite, Inc., Grandville, Michigan). The instrument provided a reflectance spectrum (390-700 nm) of the object being measured as well as tri-stimulus color scores (red, green, and blue wavelengths). Individuals in molt were excluded. Color was measured with a 3-mm-diameter port placed on 2 topographic positions on each individual specimen: on the rump, and on the middorsal stripe of the tail, in the penicillate part. Three replicas of each color score were assessed at each position and averaged. The hue and chroma of each area were recorded using Munsell Soil Color Charts (Munsell Color Co. 1975) .
The variation in brightness was obtained by adding the values of the 3 color parameters on the assumption that higher color intensities translate into brightness. An ANOVA was performed to determine differences in brightness among individuals (Patton et al. 2007 ) from different physiographical regions. If brightness is represented by the sum of the intensities of the 3 colors, it is possible that pelages might be very different in color (chroma) even with the same brightness. However, in our samples all populations are similar chromatically on the rump and dorsal caudal stripe so we think the brightness indices are comparable, and therefore meaningful.
RESULTS
Nested clade phylogeographic analysis.-To construct the network we used the data set based on a 500-bp fragment of Cytb from 126 specimens, with 81 unique haplotypes (Table 1 and Appendix II). We found that the maximum number of mutational steps between haplotypes allowing parsimonious connections was 9 steps (P ! 0.95). Using maximum parsimony within these limits, 4 disjointed networks were obtained: Northern (not shown), Coastal, Central, and Southern networks. The Southern network, corresponding to the Southern Clade of the phylogenetic analysis, was separated from the other 3 by a minimum of 11, 14, and 20 mutational steps, respectively (Fig. 2) , well beyond the confidence limits for parsimony. Because an important objective of this study was to examine the taxonomic status of island forms in the south of the peninsula, we analyzed the relationships within this network. In the southern peninsula sample, the inference key of the nested clade analysis showed that the null hypothesis of random geographical association cannot be rejected, for all clades within a nesting category, except for clade 2-7, which revealed a contiguous range expansion. The only nested clade with a significant relationship (P 5 0.03) was 3-2 (San Jose Island) . However, the internal tip (I-T) status was undetermined because the outcome was inconclusive.
The Southern nested clade mainly included all the haplotypes present south of San Ignacio Lagoon. The nested clade analysis suggested the presence of 4 geographical groups. Two of these were the island subclades (1-2 and 1-8), and there was not statistical support to consider them different from those of the mainland. A 3rd geographical group occurred in the area extending from the northern part of La Paz to the southern part of physiographic region 14 (subclades 2-1, 2-4, 2-7, 2-8, and 2-10). A 4th geographical group extended from the La Paz isthmus (region 18) to the south (subclades 2-3, 2-12, and 2-13).
The 3 nested networks from north of the San Ignacio Lagoon (Northern, Central, and Coastal) provided less information on genetic substructure. The Central network with 4 nested clades showed restricted gene flow with isolation by distance in clades 3-1 and 3-2. The areas inhabited by clade 3-1 included the western lowlands of the Vizcaíno Desert and southwest of the Central Desert. This area is characterized by very sandy soils and even some sand dunes. Clade 3-2 occurred on the Vizcaíno Desert slopes along the west side of the Sierra de la Giganta. However, none of the 4 nested clades in this network showed significant differences (P , 0.05) among them.
The Coastal network was split into 2 statistically significant (P , 0.05) areas, revealing an allopatric fragmentation. There was a northern geographical area (3-1) comprised of subclades Bahía de los Á ngeles (2-1) and southern Bahía de los Á ngeles (2) (3) (4) . A southern geographical area (3-2) was similarly divided into 2 subclades: Mulegé (1) (2) (3) (4) and La Purísma (1) (2) (3) .
Statistical analysis (AMOVA) of Cytb (500 bp) using all 4 networks in the total cladogram (NCPA) showed (Fig. 2) Bayesian inference (4 replicates) converged on essentially identical tree topologies. This result showed 2 monophyletic clades: 1 represented the samples from the southern part of the peninsula, including Margarita and San José islands, and the 2nd represented all of the northern populations plus physiographical region 12 (Santa Rosalía). The North Clade had 2 subclades: the Vizcaíno Desert area and the region to the north (Fig. 3) . (500 bp) found on the peninsula. The left side shows the geographic projection of networks and subclades displayed graphically on the right side. In each network, hypothetical haplotypes are represented by 0. Thin-lined polygons enclose numbered (n) 1-step clades and are designated by 1-n; medium-lined polygons enclose numbered 2-step clades (2-n); thick-lined polygons enclose 3-step clades (3-n) . The northern network is not shown as no significant genetic variation was found within it. The maximum-likelihood analysis with the (GTR + I + G) evolution model produced only 1 tree (score 5 6133; Fig. 3 ). Neighbor-joining analysis showed similar results to those obtained under the maximum-likelihood criteria. The specimens from San José and Margarita islands only had 1.07% and 0.97% of sequence divergence, respectively, from specimens from the mainland part of the southern Baja California peninsula. For the combined Cytb and COIII genes, there was only 1 haplotype found on San José Island and 3 on Margarita Island. The distance optimality criterion between the northern and southern groups was 5.52% ( Table 2) . The values of haplotype diversity, nucleotide diversity, and mean number of pairwise differences obtained for Cytb for sampled populations from the southern Baja California peninsula and islands are shown in Table 1 .
Morphological analysis.-The analysis of cranial morphology showed that the specimens from the northern part of the peninsula tended to be smaller than those from the south (Table 3) , but no statistically significant differences were found between these 2 regions. However, some significant differences (P , 0.5) were found between adjacent subregions throughout the peninsula (Figs. 4A-C) .
The ANOVA for craniodental measurements revealed that all 9 measurements in the post hoc comparisons were significantly different in at least 1 comparison between 2 regions. However, the majority of these differences were not among populations in the same geographical area (Fig. 4A ). The character that had the most significant differences among adjacent physiographical regions was maxillary breadth (ANOVA: F 5 23.508, d.f. 5 17, 435, P 5 0.0001). Specimens from Bahía de los Á ngeles (region 8) were significantly different (P , 0.05) in 6 of 9 characters from the Vizcaíno (region 9), and in 5 from Cataviña (region 7). Other regions showed only 1 or 2 characters that were significantly different (Fig. 4A) ; however, many adjacent regions did not have any characters that were significantly different between them.
Possible differentiation of populations living on Margarita and San José islands are of particular interest (Table 3) . Table 4 summarizes the statistically significant differences between these island populations and adjacent mainland regions, as well as differences between the 2 islands. They differed significantly (P , 0.05 or P , 0.01) from each other in 6 traits and from the intervening mainland by different cranial characters (Table 4 ).
The first 3 PCs for all of the craniodental measurements explained 71.1% of the variation (PC-I 47.7%, PC-II 13.7%, and PC-III 9.5%). PC-I did not show a consistent positive relation among its component characters, suggesting that it was not reflecting a size relationship among populations. The characters that explained the greatest amount of variation are: nasal length in PC-I, least width of supraoccipital in PC-II, and rostral width in PC-III. The 2nd of these traits had a comparatively high coefficient of variation when considered for the species as a whole (Baumgardner 1991; Baumgardner and Kennedy 1993; Lidicker 1960) . Graphical analyses of PC-I versus PC-II, and PC-II versus PC-III (not shown) indicated an extensive overlap for all major regions and, hence, these analyses could not be used to distinguish among regions within the Baja California peninsula. TABLE 1.-Genetic parameters of the specimens from the different physiographic areas considered in the revision of the Dipodomys merriami complex: sample size (N ind ), numbers of haplotypes (N hap ), haplotype diversity, nucleotide diversity, and mean number of pairwise differences. Data are based on a 500-base-pair fragment of the cytochrome b gene. Regions are numbered consecutively as in the map (Fig. 1) -Genetic distances (%) obtained from the concatenation of the cytochrome b (Cytb, 1,140 bp) and cytochrome c oxidase subunit III (COIII, 690 bp) genes among (upper and lower matrices) and within (diagonal, in boldface type) proposed subspecies of Dipodomys merriami examined here. The upper-right matrix was generated using the GTR + I + G best model of evolution. Distances in the lower-left matrix and on the diagonal (boldface type) were generated using the Kimura-2-parameter model to allow comparison to traditional estimates of genetic distance in small mammals. The same analyses were performed separately on populations south of the Vizcaíno Desert (regions [11] [12] [13] [14] [15] [16] [17] [18] and on populations from the Vizcaíno Desert and to the north (regions 1-10). The results were very similar to those for the peninsula as a whole. Even the 3 traits that explained the most variation were the same in each case. These principal component analysis results clearly showed that relationships among the parts of the skull are the same throughout the peninsula, and hence there was no evidence for any major developmental heterogeneities within the D. merriami complex inhabiting the peninsula. The ANOVA of the residuals resulting from the principal component analysis for the Northern and Southern networks revealed that only the individuals from the Bahía de los Á ngeles (region 8) were significantly (P , 0.01) bigger in relation to the specimens from other groups (Fig. 4B) . No significant differences in size were found among the 8 groups located south of the Vizcaíno Desert (Fig. 4B) .
The discriminant function analysis for all populations revealed that for the 3 populations from the central part of the Baja peninsula, specimens from Vizcaíno Desert had posterior probabilities as follows: 68.7% allocated to the Vizcaíno Desert (Fig. 4C, region 9 ), 25.0% to San Juanico (region 11), and 6.3% to Santa Rosalía (region 12). The specimens from San Juanico had a 50.0% posterior probability to be assigned to San Juanico, 40 .0% to Vizcaíno Desert, and 10.0% to Santa Rosalía, and those from Santa Rosalía were assigned 95.5% to Santa Rosalía, 4.5% to Vizcaíno Desert, and none to San Juanico. In all the cases 50-95.5% of the specimens were correctly identified to their group.
The discriminant function analysis strongly discriminated between specimens from San José (region 16) and Margarita (region 17) islands in relation to the nearby mainland population. In both cases the allocation of posterior probabilities was 100% correct.
Color analysis.-The specimens with the darkest color were from the Cape (region 18) and from the northernmost extent of the range on the Pacific Coast (region 5), and the lightest were from the Mexicali-Laguna Salada-San Felipe regions (1, 2, and 4, respectively) . A distinctive coloration characteristic is the dorsal tail stripe that ranged from black (Munsell chart score of 10YR 2/1) and broad in specimens from the Cape and northwestern coastal regions to pale brown (10YR 4/1) and narrow in the specimens from the northeastern deserts (Fig. 5) . The brightness of the tail stripe can be used to distinguish between the populations south of the Vizcaíno Desert (dark tail) and those from the Vizcaíno Desert and other areas immediately to the north (light tail; Fig. 4D ). However, individuals from south of San Ignacio Lagoon-San Juanico (region 11) had an intermediate coloration.
The brightness of the rump did not have a north-south axis of variation. However, the rump coloration can be used to distinguish the darker specimens from the Pacific side from the lighter specimens of the Gulf side of the peninsula (Figs. 2  and 5 ). The populations with light tails (north of Vizcaíno) can be divided into 3 groups in relation to the brightness of the rump: central north Vizcaíno, those with a distribution mostly inland from the Pacific Coast but on the western side of the TABLE 4.-Statistical comparisons of the craniodental measurements (in mm) between the 2 island populations and adjacent mainland areas made with Tukey's honestly significant difference test, using the unequal N (Spjotvoll/stoline-NS 5 not significant; * P , 0.05; ** P , 0.01). The numbers of the physiographic regions are given in parentheses; see Appendix I and Fig. 1 3, 6, 9, 10, and 11) , with a medium dark rump coloration; gulf side, the area that includes the coastal plains (regions 1, 2, 4, 7, and 8) on the east side of the mountain range with very light coloration; and Santa Rosalía (region 12), with a dark rump in combination with a moderately dark tail coloration. The specimens with dark tail stripes can be divided into 3 groups: the north Pacific Coast (region 5) with very dark and broad caudal stripes, San José Island (region 16) with relatively light rump coloration, and Margarita Island (region 17) plus the rest of the southern part of the peninsula (regions 13, 14, 15, and 18) with both dark rump and tail stripes.
DISCUSSION
Combining our molecular genetic data with new morphometric and pelage color analyses supports earlier studies of allozymic variation that considerable genetic structure exists within the populations of D. merriami inhabiting the Baja California peninsula. These results are commensurate with the topographic, edaphic, and climatic variation found in this region. In spite of this immense variation in available habitats, the species occurs over the entire peninsula and on 2 islands, except for the mountainous areas and the more mesic northwesternmost Pacific Coast (Fig. 3) .
Examination of the molecular data corroborated a previous study (Riddle et al. 2000) that demonstrated 2 reciprocally monophyletic clades (Fig. 3) : a Southern Clade that extends northward to the north end of the Hiray Plain on the western coast and to the La Paz isthmus and San José Island on the eastern coast, and a Northern Clade encompassing the rest of the distribution on the peninsula. There are 20 mutational steps in the DNA data that differentiate the Southern Clade and adjacent populations of the Northern Clade, although there is some intergradation in the vicinity of San Juanico at the southern extent of the Vizcaíno Desert (Fig. 2) . Within the Southern Clade, there are 4 nested subclades: the mainland of the peninsula except for the Cape Region, the Cape Region itself, and 2 island groups (San José and Margarita; Fig. 2) .
The Northern Clade is composed of 3 well-differentiated nested subclades (Fig. 2) . A Central network extends along the west side of the mountain ranges from the southern end of Vizcaíno Desert north to the latitude of Cataviña. A 2nd network (Coastal) extends along a narrow coastal zone from Loreto to Santa Rosalía and from El Barril to Bahía de los Á ngeles. Finally, a Northern network includes the rest of the distribution to the north.
Combining the phylogenetic and nested clade analyses shows that the Southern Clade is coincident with the Southern network. The Central, Coastal, and Northern networks are all contained within the Northern Clade.
A smaller amount of differentiation within the Central network exists between the western and eastern sides of the distribution, and between the 2 nested subclades of the Coastal network (Fig. 2) . We are unsure about the relationship of populations inhabiting the narrow coastal zone along the Pacific Coast (El Rosario north to the vicinity of San Quintín) because we were unable to obtain molecular data from individuals from that region (5) .
The percent difference in the molecular data across the 2 monophyletic clades revealed by the phylogenetic analysis is 6.07% for Cytb concatenated with COIII. This degree of difference is in the range sometimes considered to represent the species level of differentiation (Bradley and Baker 2001) . However, the AMOVA shows more variation within the clades (94.6% of the genetic variation) than between them. Moreover, there is some genetic mixing between the 2 clades and the morphological difference across the boundary is relatively small. We therefore conclude that species-level differentiation is not present, and all populations in the peninsula should be considered 1 species, Dipodomys merriami. However, the clear phylogenetic break suggests that isolation between these 2 major clades is quite ancient, although continuing contact has prevented attainment of species level. This important genetic division was 1st recognized by Riddle et al. (2000) and then corroborated by Alexander and Riddle (2005) , who reported a similar genetic distance for the COIII gene of 4.1%. Moreover, this discontinuity corresponds to the border between 2 physiographical regions (11 and 13) of Cuanalo et al. (1989) , as defined by Goldman and Moore (1946) and Á lvarez and De LaChica (1974) .
Differentiation of the 2 island forms from the mainland population appears to be relatively recent. The Margarita Island population was 1.0% different from the adjacent mainland for Cytb, and 1.2% for COIII. Individuals from San José Island are 1.2% different for Cytb and 0.6% for COIII. On the other hand, these 2 island forms show strong morphological and color differentiation from the mainland (Table 3; Á lvarez 1960; Best 1992; Best and Janecek 1992; Best and Thomas 1991; Lidicker 1960) . Combining data sets, we conclude that these island populations should be viewed as well-differentiated subspecies: Dipodomys merriami insularis for San José Island and D. m. margaritae for Margarita Island. The mainland portion of the Southern Clade should remain as D. m. melanurus. The relatively weak mtDNA differentiation suggests that the morphological and color differentiation has occurred quite rapidly in these subspecies. Of the 3, D. m. insularis exhibits traits that are relatively unspecialized for open desert conditions, which is a pleisiomorphic feature for the species as a whole (Lidicker 1960) . D. m. insularis has the lowest combined specialization score based on 3 indices of specialization among all forms of the D. merriami complex of subspecies (Lidicker 1960; Table 2) . Dipodomys m. margaritae also is quite ''primitive'' in this regard, ranking 3rd out of 19 taxa for being the least specialized. We therefore surmise that rapid morphological change toward increasing arid adaptations within the Southern Clade involved mainly D. m. melanurus. In support of this, we note that D. m. melanurus shows haplotype structure suggesting sequential expansion of its haplotype diversity. Moreover, we find that the 2 island populations differ significantly from each other in 6 cranial traits, and each differs from D. m. melanurus in 3 different cranial features (Table 4) .
Enlarged auditory bullae relative to the rest of the skull (known to enhance hearing and possibly balance) and elongated hind feet (an adaptation for enhanced saltatory abilities) are considered to be evidence of derived (more specialized for aridity) morphology. Moreover, hot air temperatures have relatively poor sound-transmitting properties (Knudsen 1935) . In kangaroo rats, these features are found to be associated with the most open and relatively arid habitats (Lidicker 1960) . We speculate that the retention of relatively unspecialized morphologies in the 2 island forms is related to the lack of mammalian predators on these islands, and, in the case of San José Island, also to the relatively dense shrubby cover in which they live. Both islands have other potential predators on kangaroo rats such as hawks, owls, and snakes, but perhaps it is the lack of predators such as foxes that actively hunt on the ground and chase prey that is the critical factor. Such predators inevitably make sounds as they move about, and locate prey moving in the openings among the vegetation.
We suggest that it is the absence of mammalian predation on the 2 islands that is the primary factor leading to a lack of selective pressures needed to evolve the derived morphology. In support of this argument, we point out that the subspecies arenivagus lives in the most open and arid habitats on the peninsula, and correspondingly has the most derived morphology.
Our results with the 2 island taxa support our argument that taxonomic analyses at the species and subspecies levels should ideally be based on data sets that are sensitive to different time dimensions of history. Morphologically, the forms insularis and margaritae are quite distinct from mainland subspecies, and this level of differentiation explains why some earlier workers viewed the island populations as being distinct species from D. merriami. On the other hand, examination of the molecular data clearly implies a fairly recent separation of the island forms from the mainland. For both the morphological and molecular conclusions to be true, the observed morphological differentiation (Table 4 ) must have evolved quite rapidly. We surmise that D. m. melanurus responded to selection pressures centered on mammalian predation, and that this response was likely facilitated by gene flow from the north bringing in genes for the more derived morphologies. Based on calculated sea-level changes, Lidicker (1960) suggested that San José Island may have been isolated about 12,000 years ago. The isolation of Margarita Island is more difficult to estimate because of ongoing tectonic activity along the west coast. Currently, however, the island is ,1 km from a neighboring island (which itself is ,1 km from the mainland), and Magdalena Bay is relatively shallow, all of which suggest that isolation is fairly recent.
An interesting question, therefore, is why the observed morphological diversity in this species has been so rapid. Many studies have shown that pelage color matching to background conditions can proceed quickly (Hoekstra 2006; Hoekstra et al. 2005; Krupa and Geluso 2000; Mullen and Hoekstra 2008; Steiner et al. 2007 ). Almost all the peninsular mainland populations share the same level of specialization with respect to cranial and pedal indices (Lidicker 1960 ; Table 2 ). Only 2 northern peninsular subspecies are different in this respect: arenivagus, which is distinctly more derived, and quintinensis, which is moderately less specialized. This implies that most of the mainland forms have responded morphologically to similar ecological contexts in spite of underlying deep genetic structuring revealed by the molecular data.
We cannot be confident that the island forms have retained their less-specialized features as pleisiomorphic traits or secondarily evolved these traits in response to the relatively predator-free conditions on their islands. On both islands, only 10% or less of the island areas contain suitable habitat for kangaroo rats, and so effective population sizes might be quite small. The population on San José Island does have a reduced mean coefficient of variation for cranial measurements compared to mainland populations (2.03 versus 3.16) . In contrast, kangaroo rats on Tiburón Island, a much larger island also in the Sea of Cortez, show a mean coefficient (3.21) that is equivalent to those of mainland populations (Lidicker 1960 ; Table 1 ). San José Island individuals also have reduced allozymic variation when compared to their mainland relatives in terms of number of alleles per locus, percent of heterozygous loci, and percent of polymorphic loci (Best and Janecek 1992) . Comparable genetic data are not available for margaritae, but it remains plausible that these island populations have been few in number and depauperate in genetic variation for a long time.
Our results for the Northern Clade generally support the subspecific arrangement of Lidicker (1960) . The Central subclade corresponds to the subspecies D. m. platycephalus. The Northern subclade consists of the subspecies D. m. arenivagus and D. m. trinidadensis. The latter is a closely related derivative of arenivagus and differences are mainly morphological, particularly in color. It occurs in the highelevation valleys of Trinidad and San Rafael on the west side of the Sierra Juárez. It now seems doubtful that it extends farther north into southern San Diego County, California, as reported in Lidicker (1960) . These morphologically similar populations in California are probably independently derived from D. m. arenivagus responding similarly to similar environments. D. m. trinidadensis connects with D. m. arenivagus through San Matías Pass separating the Sierra Juárez from the Sierra San Pedro Mártir. We were not able to reevaluate the status of the Pacific Coast subspecies D. m. quintinensis. The San Quintín Plain, in which it occurs, has been completely converted to agricultural production, and we were not able to obtain new material for this analysis. Lidicker (1960) reported that D. m. quintinensis intergrades with D. m. platycephalus south and east of El Rosario and presumably is derived from that form. We recommend continuing recognition of this subspecies in the hopes that additional information on its characteristics and population status will be forthcoming. Its conservation status should be investigated urgently.
Somewhat surprisingly we found that the 2 disjunct populations making up the Coastal nested clade are sister taxa. They are quite distinct from each other morphologically and in coloration (Lidicker 1960 ). We affirm their status as D. This investigation has resulted in significantly increasing our phylogenetic and biogeographic understanding of the patterns of genetic structuring found in this widespread kangaroo rat species inhabiting the Baja California peninsula. At the same time, the new information has supplemented rather than contradicted our understanding based on earlier morphological analyses. In some cases examination of the genetic data indicated a deeper differentiation than reported in other studies, and in other situations the reverse was true. Overall, our results support the importance of using multiple data sets in phylogenetic analyses, because various types of data reflect different time frames of evolutionary change. Our understanding of the evolutionary history of D. merriami is thereby enhanced by this expanded historical context.
RESUMEN
La rata canguro Dipodomys merriami ocurre ampliamente por la península de Baja California, habitando todas las zonas áridas y arenosas de baja altitud. Su distribución incluye áreas con diversas características de clima, suelo y vegetación, incluyendo 2 islas. En esta región se reconocen 11 taxa para el complejo merriami desde hace casi 50 años, siendo aun válidos hasta la fecha. Las 2 formas isleñas fueron descritas como especies diferentes; no obstante, han sido tratadas de diversas maneras por posteriores autores. En esta investigación se utilizó un análisis genético de 2 genes mitocondriales, el citocromo b (Cytb) y citocromo c oxidasa subunidad III (COIII), para estudiar los patrones de estructura genética en esta especie a lo largo de la península. Complementamos la información morfométrica y de coloración del pelaje previamente reportada con nuevos datos obtenidos por nosotros, los cuales integramos a la información filogenética. Por último, analizamos nuestros resultados con los arreglos taxonómicos actuales para las especies y subespecies. Nuestro análisis filogenético incluyó 1,140 pb del gen Cytb y 690 pb del COIII usando los procedimientos de máxima parsimonia, máxima probabilidad e inferencia Bayesiana. Se realizó un análisis de clados anidados donde se revelaron en el nivel más alto 2 clados monofiléticos separados por 20 pasos mutacionales. Hay un Clado Sur que se extiende hasta el norte del Desierto del Vizcaíno en el oeste y a la Isla San José por el este, y un Clado Norte que incluye el resto de las poblaciones con distribución más norteña. En un nivel menos profundo, el Clado Sur contiene 4 subclados, incluyendo las poblaciones de las islas San José y Margarita, mientras que el Clado Norte está conformado por 3 sublcados. Los análisis morfométricos y de coloración del pelaje, adicionales a los genéticos, soportan el arreglo en una sola especie de los 11 taxa previamente reconocidos, correspondiendo a Dipodomys merriami, con un mejor entendimiento de cómo se relacionan las subespecies entre sí.
